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SPECIFICATION 

TITLE QF THE I NV E NT IO N 

INSULATING RESIN COMPOSITION 

FOR MULTILAYER PRINTED-WIRING BOARD 

BACKGROU ND QF THE INVENTION 

[Technical Field of the Invention] 

The present invention relates to an insulating 
resin composition for a multilayer printed-wiring board 
where conductor layer (s) and insulating layer (s) are 
alternately laminated one insulating layer after another 
conductor layer, more particularly to an insulating resin 
composition which is to be used to form insulating layer (s) 
of such multilayer printed-wiring board, the resulting 
insulating layer (s) from which have excellent adhesive 
properties to the conductor layer (s), high heat resistance 
and high insulation reliability. 

[Prior Art] 

In recent years, in accordance with the progress 
of the reduction and high performance of electronic 
appliances, the development of printed-wiring board having 
a high density and a multilayer structure has rapidly 
proceeded. However, in accordance with the conventional 
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production process in which such multilayer structure is 
formed by performing the laminating press of a circuit 
board having a circuit formed, a prepreg and a copper foil, 
and the connection between the layers is done by a through- 
hole, the degree of freedom of -the circuit design is 
decreased due to the formation of the through-hole and it 
becomes difficult to achieve high density. Furthermore, it 
is required to perform plating the inside of the through- 
hole, and therefore, the thickness of the conductor becomes 
large, which is, in turn, disadvantageous for the fine 
pattern formation. 

As a method for solving such problems, recently, 
attention is being attracted to a manufacturing technique 
for multilayer printed-wiring boards in a build-up mode, in 
which an organic insulating layer is laminated on the 
conductor layer of the circuit .board, then followed by 
laminating conductor layers and organic insulating layers 
alternately one organic insulating after another conductor 
layer. For example, in Japanese Patent Application Laid- 
Open (Kokai) Nos. 7-304931 and 7-304933, there are 
disclosed methods for producing a multilayer printed-wiring 
board, according to which an epoxy resin composition is 
applied onto the circuit board on which a circuit has been 
formed, and subjected to heat curing, and then, an unevenly 
roughened surface is formed with a rough surf ace- forming 
agent (i.e., surface-roughening agent), and a conductor 
layer is formed on this roughened surface by plating. 
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Further, in Japanese Patent Application Laid-Open (Kokai) 
No. 8-64960 r there is disclosed a method for producing a 
multilayer printed-wiring board, according to which a 
primer adhesive is applied and provisionally dried, a film- 
form additive adhesive is then laminated thereon, followed 
by subjecting to heat curing, rough surface formation is 
conducted by an alkaline oxidant, and then, a conductor 
layer is formed on the surface by plating. In these cases, 
the method of making uneven or rough the surface of the 
insulating layer for the purpose of ensuring a satisfactory 
bonding strength between the conductor layer and the resin 
insulating layer is performed by a wet treatment, according 
to which a resin layer containing a component which can be 
decomposed by, or dissolved in, a rough surface-forming 
agent, such as an oxidant including potassium permanganate 
or the like, an alkali, or an organic solvent, is contacted 
with a rough surface-forming liquid (i.e., rough surface- 
forming agent or surface-roughening agent) by a wet 
treatment, such as immersion, spraying or the like. 

Here, an ordinary conventional production method 
of a multilayer printed-wring board will be briefly 
explained. 

First, as shown in Fig. 2(A), on the surface of 
insulating core material 1 made of, for example, a glass 
epoxy resin or the like, a predetermined wiring pattern 2 
is formed with the use of copper foil or the like, and onto 
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the entire surface of this' core material 1/ an insulating 
layer 3 is application-formed by a method such as screen 
printing or the like. The major material of the materials 
for this insulating layer 3 is composed of an epoxy resin, 
and in the resin of this insulating layer 3, filler 4 is 
mixed in an appropriate amount to be dissolved in the 
below-deseribed rough surface formation step. 

Next, as shown in Fig. 2(B), holes for connection 
6 are selectively formed at predetermined positions using, 
for example, a carbon dioxide gas laser 5 so that the holes 
penetrates the above-mentioned insulating layer 3, whereby 
the internal wiring pattern 2 is exposed, 7 indicating the 
roughened surface of the wiring pattern. Then, as shown in 
Fig. 2(C), the surface of the above-mentioned insulating 
layer 3 is affected with an alkaline rough surface-forming 
chemical liquid, for example, potassium permanganate or the 
like, so that the above-mentioned filler 4 which is soluble 
in the above rough surface-forming chemical liquid is 
dissolved whereby a number of uneven portions 8 are formed, 
thus effecting the rough surface formation on the 
insulating layer 3. 

Then, by performing electroless plating and 
subsequently electroplating, as shown in Fig. 2(D), a 
conductor layer for electroplating 10 composed of, for 
example, copper or the like and a conductor layer 11 are 
subsequently formed. Thus, conduction between the 
conductor layer 11 and the wring pattern 2 which is the 
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ground work can be made. Further, this conductor layer 11 
is subjected to etching to obtain a second layer wring 
pattern 12. 

In an ordinary process, subsequently, another 
insulating layer is formed, followed by conducting another 
wiring-patterning, and the above-mentioned steps are 
repeated, to thereby produce a multilayer printed-wiring 
board. 

By the way, in this type of a wet treatment, it is 
necessary to perform a satisfactory bath control, with 
respect to the ion concentration and the pH of the rough 
surface-forming liquid, the bath temperature and the like, 
and hence, not only is the operation very cumbersome, but 
also there has been a problem about the waste liquid due to 
the life of bath. 

Further, with the line width and the width between 
the lines being reduced, filler 4 having a still smaller 
particle diameter is demanded; "however, the filler 4 can 
only be reduced in particle diameter to about 10 pia at the 
smallest, and if a minute or five processing is performed 
in such a state, a problem also arises that the bonding 
strength between the insulating layer and the conductor 
layer is lowered. 

Furthermore, even if it is possible to obtain a 
filler 4 having a still smaller particle diameter, there is 
also a problem that in the electroless plating conducted in 
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a subsequent- step, the treatment liquid is difficult to 
enter . 

SUMMARY OF THE INVENTION 

[Problems to be Solved by the Invention] 

The present invention has been made for solving 
the above-mentioned problems effectively, and it is an 
object to provide an insulating resin composition for a 
multilayer printed-wiring board, which can ensure the 
bonding strength of a conductor layer with an insulating 
layer by performing a rough surface formation by a dry 
treatment, such as plasma or sputtering or the like, 
without performing a wet treatment which has conventionally 
been conducted for the rough surface formation, and can 
satisfy heat resistance and electrically insulating 
properties . 

[Means to Solve the Problems] 

The present inventors have conducted made 
extensive and intensive studies with a view to solving the 
above-mentioned problems- As a result, it has been found 
that the below-described resin composition has extremely 
excellent performance, on the basis of which the present 
invention has been completed. 

Specifically, the present invention relates to an 
insulating resin composition for a multilayer printed- 
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wiring board which composition is to be used to form, or as, 
an insulating layer of the multilayer printed-wiring board, 
wherein for obtaining a roughness or unevenness by plasma 
treatment on the surface of the. insulating layer resulting 
from the insulating resin composition, the said insulating 
resin composition comprises two or more kinds of resins 
which are different in etching rate by a plasma treatment 
and which are not compatible with each other* 

Thus, i|t has become possible to perform fine 
roughness formation treatment on the surface of the 
insulating layeir by a dry treatment, such as a plasma 
treatment or thje like. In this case, it is preferred that 
a surface roughness degree of the above-mentioned 
insulating layeir by the plasma treatment is adjusted so as 
to be in the range of 100 to 4, 000 nm. 

KR jTF.F DESCRIPTI ON OF THE DRAWINGS 

Fig. 1 ;is a figure showing the production process 
of the printed-wiring board, with the use of the insulating 
resin composition of the present invention, wherein 13: 
Core material; 14: Wiring pattern; 15: Insulating layer 
(Insulating resin composition); 19: Ground conductor layer 
for electroplating; and 20: Conductor layer. 

Fig. 2 is a figure showing the conventional 
production process of the printed-wiring board. 
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DF. TAILED DESCRIPTION . OF THE INVENT ION 

Hereinbelow, the insulating resin composition for 
a multilayer printed-wiring board according to the present 
invention and the insulating layer formed from such 
insulating resin compositon, will be described in detail 
based on the attached drawings. 

First, the insulating resin composition of the 
present invention which is to be used for, or to form, an 
insulating layer of a multilayer printed-wiring board, is 
characterized in that for obtaining a roughness or 
unevenness on the surface of the above-mentioned insulating 
layer by plasma treatment, the said insulating resin 
composition comprises two or more kinds of resins which are 
different in etching rate of the plasma treatment and which 
are not compatible with each other. 

In order for an insulating layer resulting from 
the insulating resin composition to have an unevenness on 
the surface thereof by a plasma treatment in an oxygen 
and/or argon atmosphere, the insulating resin composition, 
as mentioned above, comprises at least two kinds of resins, 
and it is necessary to simultaneously satisfy two 
requirements that the resin are different in etching rate 
between them; and that the resins are not compatible with 
each other. That is, in the case where only one of the twc 
above-mentioned requirements is satisfied, even when a 
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plasma treatment is conducted, a roughness is merely 
uniformly formed on the surface, and hence, a desired 
unevenness is not obtained. Further, for ensuring a 
satisfactory bonding strength of the insulating layer to 
the conductor layer, it is desired that a roughness degree 
of the surface unevenness obtained by plasma treatment is 
in the range of 100 to 4,000 nm. The surface roughness by 
the plasma treatment can be controlled by adjusting the 
plasma treatment time if the resins have different etching 
rates * 

The ability to form a rough surface by plasma 
treatment also varies depending on the electric power 
density, the pressure, and the form and function of the 
apparatus, and thus, for obtaining a desired roughness, it 
is necessary to appropriately select a treatment time. 
When the surface roughness degree is less than 100 nm, a 
satisfactory bonding strength cannot be obtained. On the 
other hand, when the surface roughness degree is more than 
4,000 nm, it becomes difficult to form a fine pattern. 

The surface roughness degree according to the 
present invention is represented by, for example, ten-point 
average roughness (Rz) . The measurement of the surface 
roughness was conducted using a non-contact three- 
dimensional measurement apparatus *NH-3", manufactured and 
sold by Mitakakohki Co., Ltd. 

Here, the production method for a multilayer 
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printed-wiring board using the above-mentioned insulating 
resin composition to form, or for, an insulating layer will 
be briefly explained. 

First, as shown in Fig. 1(A), on the surface of 
insulating core material 13 made of, for example, a glass 
epoxy resin or the like, a predetermined wiring pattern 14 
is formed with the use of copper foil or the like, and onto 
the entire surface of this core material 13, an insulating 
layer 15 made from the insulating resin composition of the 
present invention is application-formed by a method such as 
screen printing or the like. For this insulating layer 13, 
a mixed composition of the above-described two or more 
kinds of organic resins having -different dry etching rates 
is used. The major material for this insulating layer 15 
is a mixed composition of, for example, an epoxy resin and, 
for example, a polyimide resin or the like having a dry 
etching rate which is relatively higher than that of the 
epoxy resin. In this insulating layer 15, such a filler is 
not contained as the above-described surface roughening 
component . 

Next, as shown in Fig. 1(B), at the electrical 
connection portion, holes for connection 17 are selectively 
formed using, for example, YAG laser beam 16 so that the 
holes penetrate the above-mentioned insulating layer 15, 
whereby the internal wiring pattern 14 is exposed. 

Then, the whole of this core material is 
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introduced into a dry etching apparatus and subjected to 
dry etching as shown in Fig. 1(C). By this dry etching, on 
the entire surface of the resin constituting the insulating 
layer 15, the slight thickness of the surface of the resin 
having a high etching rate is selectively etched and 
removed. In this case, the portions of the resin having a 
lower etching rate are not removed by etching and remain as 
convex portions, and as a result, a uniform unevenness 
appears on the entire surface, thus achieving a rough 
surface formation. 

The etching treatment according to the present 
invention can be conducted using an ordinary RIE (reactive 
ion etching) apparatus or the like, and as an etching gas 
for the dry etching, an inert gas such as argon gas or the 
like, can be used- Then, the whole of the core material is 
introduced into a sputtering apparatus where a vacuum 
deposition method is employed, and subjected to sputtering 
deposition, so that, as shown in Fig. 1(D), a conductor 
layer for electroplating 19 is formed on the entire of the 
surface of the insulating layer 15 and the inner wall 
surface of the holes for connection 17. 

Then, as shown in Fig. 1(E), on the above- 
mentioned conductor layer for electroplating 19, a 
conductor layer 20 composed of, for example, copper is 
formed by electroplating. Thus, conduction between the 
above-mentioned conductor layer 20 and a wring pattern 14 
which is the lower layer can be made. Further, as shown in 
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Fig. 1(F), this conductor layer 20 is subjected to etching 
to form a second wring pattern 21. In an ordinary process, 
on the surface of this second wring pattern 21, an 
insulating layer is formed, followed by patterning a wiring 
again, and the above-mentioned steps are repeated, to 
thereby produce a multilayer printed-wiring board (built-up 
substrate) . 

As mentioned above, by using the insulating resin 
composition of the present invention, a ground conductor 
layer for electroplating can be formed by the vacuum 
deposition instead of the wet electroless plating which has 
been conventionally used, and it is also possible to 
prevent the conduction failure which has been caused by the 
fact that the conventional electroless plating treatment 
liquid is difficult to enter into holes in accordance with 
the reduction of the hole size. 

Hereinbelow, the insulating resin composition used 
for the above-mentioned insulating layer 15 will be 
explained in detail. 

The insulating resin composition of the present 
invention is characterized in that the ingredient resins 
are different in etching rate in the plasma treatment in an 
oxygen and/or argon atmosphere, and 1 the resins are not 
compatible with each other, but there are no other 
particular limitations as long as they have properties 
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required as interlayer insulating material, such as 
electrical properties, heat resistance and the like. As 
these resins, there can be mentioned a polyimide resin, an 
epoxy resin, a cyanate ester resin, a polyether sulfone 
resin, a polyphenylene ether resin, a diallyl phtharate 
resin, a polyurethane resin, a polyester resin, a phenolic 
resin, a phenoxy resin, and additionally, compounds 
obtained by homopolymerizing, or copolymerizing two or more 
kinds of compounds having a double bond, such as butadiene, 
acrylonitrile, styrene, (meth) acrylate and the like, a 
rubber compound and the like. Of these, from the viewpoint 
of achieving high heat resistance and excellent electrical 
properties such as low dielectric constant and the like, it 
is preferred that a polyimide resin, an epoxy resin, a 
cyanate ester resin, a polyphenylene ether resin or a 
polyether sulfone resin is used as a matrix resin, and that 
a resin which is incompatible with these resins and has a 
different etching rate by the plasma treatment is used in 
combination therewith. 

As types of the above-mentioned polyimide resins, 
there can be mentioned a condensation type thermoplastic 
polyimide, a thermosetting polyimide, a polyamide-imide and 
the like, but it is preferred that the polyimide resin is 
soluble in a solvent. As the above-mentioned condensation 
type thermoplastic polyimide, there can be used for example, 
a polycondensation reaction product of an acid anhydride 
with a polyamine where a flexible structure (-0-, -S0 2 - r or 
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the like) has been introduced into the main chain thereof 
or a bulky group has been introduced into the side chain 
thereof for improving the solubility, and the like. As 
specific examples of such polyimides, there can be 
mentioned *Ultem", manufactured and sold by GE Plastics Co., 
Ltd., *RIKACOAT" , manufactured and sold by New Japan 
Chemicals Co., Ltd., *Matriimide" , manufactured and sold by 
Asahi-CIBA Limited, and the like, and further, a polyamide 
acid which is a precursor of these thermoplastic polyimides, 
for example, ^Torenees", manufactured and sold by Toray 
Industries Inc., *LARC-TPI", manufactured and sold by 
Mitsui Chemicals Co., Ltd., and the like, can be used. 

Further, the above-mentioned thermosetting 
polyimide is a reactive oligoimide having a crosslinking 
site, such as nadic, acetylene, allyl, biphenylene, a furan 
ring, maleimide or the like, and specific examples thereof 
include m HMI-S", xs BMI-M-20" , *BMI-PP", *BMI-TDA" and *BMI- 
MP", which are manufactured and sold by Mitsui Chemicals 
Co., Ltd.; *VB-1 resin", manufactured and sold by Showa 
Highpolymers Co., Ltd.; *BMI-H"-, *BMI-80" and *BMI-70", 
which are manufactured and sold by K>I Chemicals Industry 
Co., Ltd.; ^Kelimide" , manufactured and sold by Asahi-CIBA 
Limited; * BANI" , manufactured and sold by Maruzen 
Petrochemical Co., Ltd.; and the like. Further, when the 
above-mentioned thermosetting polyimide is used, a compound 
having a reactive group which reacts on the crosslinking 
site, such as amine, a diene or the like, can be used 
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together therewith. 

And, as the above-mentioned polyamide-imide, there 
can be mentioned *Torlon", manufactured and sold by Teijin 
Amoco Engineering Plastics Limited, and the like. 

Specific examples of the above-mentioned epoxy 
resins to be used according to the present invention 
include a bisphenol A type epoxy resin, a bisphenol F type 
epoxy resin, a bisphenol S type- epoxy resin, a phenol- 
novolak type epoxy resin, an alkylphenol-novolak type epoxy 
resin, a naphthalene type epoxy resin, a dicyclopentadiene 
type epoxy resin, an epoxide which is a condensation 
product of a phenol with an aromatic aldehyde having a 
phenolic hydroxyl group, a alicyclic epoxy resin, and the 
above-mentioned epoxy resins which are brominated, and the 
like, and it is preferred that these are in a liquid form 
or soluble in a solvent. Further, for improving the heat 
resistance and electrical properties, a solid epoxy resin, 
such as a bisphenol type epoxy resin, triglycidyl 
isocyanurate or the like, can be pulverized and dispersed 
in the resin composition of the present invention. Further, 
a monofunctional epoxy resin as a reactive diluent may be 
contained. 

When the above-mentioned epoxy compound is used, 
it is preferred that a curing agent for an epoxy resin is 
used in combination therewith. If the epoxy resin curing 
agent is not used, the resin may remain uncured or the 
curing requires a high temperature or a long time. 
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Specific examples of such epoxy resin curing agents include 
imidazole and/or a derivative thereof, a polyamine, an 
organic acid salt and/or an epoxy adduct of a polyaminie, a 
tertiary amine, an ammonium salt, a phosphine, a 
phosphonium salt, a photo-cationic polymerization catalyst, 
and the like. 

This epoxy resin curing agent is preferably used 
in an amount of 0.01 to 25 parts by weight, especially 
preferably in an amount of 0.1 to 15 parts by weight, 
relative to 100 parts by weight of the above epoxy compound. 
If it is used in an amount of less than 0.01 part by weight, 
the epoxy resin may remain uncured or the curing requires a 
high temperature or a long time. On the other hand, if it 
is used in an amount of more than 25 parts by weight, a 
problem about the storage stability of the resin 
composition arises or the properties of the cured product 
become poor. 

Specific examples of the above-mentioned cyanate 
ester resins to be used according to the present invention 
include bisphenol A dicyanate and/or a prepolymer thereof, 
tetramethylbisphenol A dicyanate and/or a prepolymer 
thereof, hexaf luorobisphenol A dicyanate and/or a 
prepolymer thereof, bisphenol AD dicyanate and/or a 
prepolymer thereof, bisphenol S cyanate and/or a prepolymer 
thereof, phenol-novolak type cyanate ester, and the like. 

When the above-mentioned cyanate ester resin is 
used, it is preferred that a curing catalyst is used in 
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combination therewith. If a curing catalyst is not used, 
the resin may remain uncured or the curing requires a high 
temperature or a long time. As specific examples of the 
curing catalysts, there can be mentioned a salt or a 
chelate by acetyl acetone or the like, of a transition 
metal, such as copper, lead, tin, manganese, nickel, iron, 
zinc, cobalt or the like, and a carboxylic acid, such as 
octylic acid, naphthenic acid or the like. 

The curing agent for the above-mentioned cyanate 
ester resin is preferably used -in an amount of 10 to 2,000 
ppm, especially preferably in an amount of 50 to 600 ppm, 
based on the weight of the above cyanate ester resin. If 
it is used in an amount of less than 10 ppm, the resin may 
remain uncured or the curing requires a high temperature or 
a long time. On the other hand, if it is used in an amount 
of more than 2,000 ppm, a problem about the storage 
stability of the resin composition arises or the properties 
of the cured product become poor. 

The unevenness formed by plasma treatment on the 
surface of the insulating resin layer varies in form 
depending not only on the types of the resins used in the 
insulating resin composition of the present invention but 
also the mixing ratio of the resins. Therefore, it is 
necessary to appropriately adjust the mixing ratio so as to 
obtain a desired form, taking into consideration the degree 
of the phase separation and the etching rates of the resins 
combined. 
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In the insulating resin composition of the present 
invention, if necessary, an organic solvent can be 
incorporated. Representative examples of organic solvents 
include N, N- dime thy lformamide; N,N-dimethylacetamide; N- 
methyl-2-pyrrolidone; a ketone, such as methyl ethyl ketone, 
cyclohexanone, or the like; an ester, such as ethyl acetate, 
butyl acetate, cellosolve acetate, propylene glycol 
monomethyl ether acetate, carbitol acetate, or the like; a 
glycol ether, such as methyl cellosolve, butyl cellosolve, 
methyl carbitol, butyl carbitol, propylene glycol 
monomethyl ether, diethylene glycol dimethyl ether, 
triethylene glycol dimethyl ether, or the like; an aromatic 
hydrocarbon, such as toluene, xylene, tetramethylbenzene, 
or the like; and the like, and "these can be used 
individually or in combination of two or more thereof. 

Further, in the insulating resin composition of 
the present invention, in addition to the above-mentioned 
components, a known additive can be incoporated. For 
example, there can be used an additive including an 
inorganic filler, such as barium sulfate, barium titanate, 
a silicon oxide powder, amorphous silica, talc, clay, a 
mica powder, or the like; an organic filler, such as a 
silicone powder, a nylon powder, a fluoride powder, or the 
like; a thickener, such as asbestos, orben, benton, or the 
like; a silicone-based, fluoride-based or polymer-based 
defoamer and/or leveling agent; and a bond- imparting agent, 
such as an imidazol, thiazol, triazol or silane coupling 
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agent, or the like. Further, if necessary, there can be 
used a known coloring agent, such as phthalocyanine blue, 
phthalocyanine green, iodine green, disazo yellow, titanium 
oxide, carbon black, or the like. With respect to the 
inorganic component, by limiting the amount to 50% by 
weight or less, preferably 30% -by weight or less, based on 
the resin composition, an insulating layer exhibiting an 
excellent laser processability can be formed. If the 
amount of the inorganic component is more than 50% by 
weight, it becomes difficult to perform processing of a 
small diameter via-hole of 100 |im or less in a good form, 
and there may also occur problems about productivity, such 
as the connection reliability and laser processing rate 
being lowered due to the, failure of plating tightly, and 
the like. 

In the production of a multilayer printed-wiring 
board, as a method for laminating the insulating resin 
composition of the present invention on the conductor layer 
of the wiring board on which a circuit has been formed, 
there can be mentioned known methods, such as a screen 
printing method, a roll coating method, a flood coating 
method, a spray coating method, and the like. When an 
organic solvent is contained, drying is performed after 
coating, followed by heat curing. It is preferred that the 
drying conditions are such that- the temperature is 70 - 
130°C and the time is 5 - 40 minutes and the heat curing 
conditions are such that the temperature is 130 - 250 °C and 
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the time is 15 - 120 minutes. Further, by processing the 
insulating resin composition of the present invention into 
a film, the resin composition can also be laminated on the 
circuit substrate on which a circuit has been formed by 
laminating or press under pressurizing and heating 
conditions . 

EXAMPLES 

Hereinbelow, the present invention will be 
described in more detail with reference to the following 
Examples, but the present invention is* not limited thereto, 

<Example 1> 

7 0 Parts by weight of a thermoplastic polyimide 
resin ruitem" , manufactured and sold by GE Plastics Co., 
Ltd.) and 30 parts by weight of a bisphenol A type epoxy 
resin (*EP1001", manufactured and sold by Yuka Shell Epoxy 
Kabushiki Kaisha) were dissolved in N-methyl-2-pyrrolidone 
(hereinafter, referred to as *NMP") with stirring, and 0.9 
parts by weight of 2-ethyl-4-methylimidazol { m 2E4MZ", 
manufactured and sold by Shikoku Chemicals Corporation) as 
the curing catalyst for the epoxy resin was added thereto, 
whereby an insulating resin composition was prepared. This 
insulating resin composition was applied by bar coat 
printing onto a substrate on which a circuit has been 
previously formed, and subjected to predrying at 80 °C for 
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30 minutes, followed by heat curing at 150°C for 1 hour. 
The cured product of the above insulating resin composition 
was subjected to a rough surface-forming treatment by an 
argon plasma at an argon partial pressure of 0.05 Torr at 
an RF electric power of 200 W for 4 minutes, and then, a 
thin copper film layer was formed by means of a sputtering 
machine. Then, on the resultant thin copper film, an 
electroplating of copper was conducted to form a conductor 
layer having a copper thickness of 20 |ml, whereby a sample 
was prepared. 

<Example 2> 

65 Parts by weight of a thermoplastic polyimide 
resin rSN-20", manufactured and sold by New Japan 
Chemicals Co., Ltd.) and 35 parts by weight of a bisphenol 
A type epoxy resin (*EP1001", manufactured and sold by Yuka 
Shell Epoxy Kabushiki Kaisha) were dissolved in NMP with 
stirring, and 0.9 parts by weight of 2-ethyl-4- 
methylimidazol (*2E4MZ", manufactured and sold by Shikoku 
Chemicals Corporation) as the curing catalyst for the epoxy 
resin was added thereto, whereby an insulating resin 
composition was prepared. The prepared insulating resin 
composition was treated in the same manner as in Example 1, 
to thereby prepare a sample. 

<Example 3> 

80 Parts by weight of a thermoplastic polyimide 
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resin ruitem" , manufactured and sold by GE Plastics Co., 
Ltd.) and 20 parts by weight of a prepolymer of a bisphenol 
A dicyanate CB-30", manufactured and sold by CIBA-GEIGY) 
were dissolved in NMP with stirring, and 0.006 parts by 
weight of tin octylate as the curing catalyst for the 
cyanate ester resin was added thereto, whereby an 
insulating resin composition was prepared. The prepared 
insulating resin composition was treated in the same manner 
as in Example 1 except that the heat curing conditions were 
changed to those such that the temperature was 200°C and 
the time was 1 hour, to thereby prepare a sample. 

Comparative Example 1> 

70 Parts by weight of a prepolymer of a bisphenol 
A dicyanate rB-30", manufactured and sold by CIBA-GEIGY) 
and 30 parts by weight of a bisphenol A type epoxy resin 
rEPlQOl", manufactured and sold by Yuka Shell Epoxy 
Kabushiki Kaisha) were dissolved in carbitol acetate with 
stirring, and 0.02 parts by weight of tin octylate as the 
curing catalyst was added thereto, whereby an insulating 
resin composition was prepared. The prepared insulating 
resin composition was treated in the same manner as in 
Example 1 except that the heat curing conditions were 
changed to those such that the temperature was 2 00 °C and 
the time was 1 hour, to thereby prepare a sample. 

Comparative Example 2> 
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30 Parts by weight of a hisphenol A type epoxy 
resin PEP1001", manufactured and sold by Yuka Shell Epoxy 
Kabushiki Kaisha) and 70 parts by weight of a phenoxy resin 
PYP-50S", manufactured and sold by Tohto Kasei Co., Ltd.) 
were dissolved in carbitol acetate with stirring, and 2.1 
parts by weight of 2-ethyl-4-methylimidazol P2E4MZ", 
manufactured and sold by Shikoku Chemicals Corporation) as 
the curing catalyst for the epoxy resin was added thereto, 
whereby an insulating resin composition was prepared. The 
prepared insulating resin composition was treated in the 
same manner as in Example 1, to thereby prepare a sample. 


With respect to the resins used in the above 
Examples 1-3 and Comparative 'Examples 1 and 2, the 
etching rate of each of the resins in the plasma treatment 
in an argon atmosphere is shown in Table 1. Further, with 
respect to the samples prepared by the respective methods 
in the above examples from the compositions obtained by the 
selection from, and combination of, these resins, the 
evaluation results are shown in Table 2* 
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Table 1 


Resin 

Etching rate 
\ pin/ secj 

Curing and drying 

Amount of catalyst 
added 

Ultem 

1.0 

5*1 


SN-20 

0.9 

5^1 


EP-1001 

0.3 

5*2 

3% 2E4MZ 

B-30 

0.14 

9*1 

200 ppm Tin octylate 

YP-50S 

3.5 

5*2 



5*1 80°C for 30 min + 200°C for 60 min 
5*2 80°C for 30 min + 150°C for 60 min 


Table 2 


Composition 

Exampl 

e 

Com. Example 

1 

2 

3 

1 

2 

Ultem 

70 


70 



SN-20 


70 




EP-1001 

30 

30 


70 

70 

B-30 



30 

30 


YP-50S 





30 

2E4MZ 

0,9 

0.9 



2.1 

Tin octylate 



0.006 

0.02 


Degree of roughness after 
plasma treatment 

O 

O 

O 

X 

X 

Blister after annealing 

O 

O 

O 

X 

X 

Peel strength (kg/cm) 

1.2 

1.0 

1.0 

Unrneasurable 

0.2 

Solder heat resistance 
(260°C, 30 sec) 

o 

O 

O 

X 

X 


As is apparent from Examples 1 to 3, when a 
desired unevenly roughened surface was formed by the plasma 
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treatment/ a satisfactorily rough surface formation was 
achieved according to the SEM photographing, and there were 
no blisters after the annealing, and an excellent peel 
strength was obtained, and also in the solder heat 
resistance test, there was no problem about blisters and 
the like. As compared therewith, in Comparative Examples 1 
and 2, since the selected resins were compatible with each 
other, even when these were subjected to plasma treatment, 
a satisfactorily rough surface formation was not achieved, 
according to the SEM photographing, and thus, a desired 
roughness was not obtained, and blisters after the 
annealing and blisters in the solder heat resistance test 
occurred, and the peel strength was also unsatisfactory. 

[Effect of the Invention] 

As mentioned above, according to the insulating 
resin composition for a multilayer printed-wiring board of 
the present invention, the following excellent effects can 
be exhibited. 

In the formation of the rough surface on the 
insulating layer for ensuring a satisfactory bonding force 
between the conductor layer and the insulating layer, not a 
wet treatment using an oxidant or the like which has been 
conventionally conducted but a dry treatment having high 
productivity, such as a plasma treatment or the like, can 
be employed. Thus, a stable form of a rough surface can be 
obtained without the conventional problems about cumbersome 
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bath control and waste liquid treatment, and a high bonding 
strength can be realized. Further, by using this 
insulating resin composition, both of high heat resistance 
and excellent electrical properties can be achieved and a 
multilayer printed-wiring board having a high wiring 
density can be produced. 
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CLAIMS 

1. An insulating resin composition to be used to form 
insulating layer (s) of a multilayer printed-wiring board , 
comprising two or more kinds of. resins which are different 
in etching rate by plasma treatment and which are not 
compatible with each other, so that the surface of the 
resulting insulating layer can be made uneven by the plasma 
treatment . 

2. A multilayer printed-wiring board having insulating 
layer (s) resulting from the insulating resin composition as 
set forth in claim 1, which layer(s) have a surface 
roughness (i.e., unevenness) degree by the plasma treatment 
of 100 - 4,000 nm. 
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ABSTRACT 

Herein is disclosed an insulating resin 
composition for a multilayer printed-wiring board, 
comprising two or more kinds of resins which are different 
in etching rate by plasma treatment and which are not 
compatible with each other, so that the surface of the 
resulting insulating layer can be made uneven by the plasma 
treatment, whereby the bonding strength of the conductor 
layer to the said resulting insulating layer can be ensured, 
and heat resistance and electrically insulating properties 
required can be satisfied. 
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